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Nosocomial Bloodstream Infections

Secular Trends in Rates, Mortality, and Contribution

to Total Hospital Deaths

Didier Pittet. MD. MS, Richard P. Wenzel, MD, MSc

Background: Nosocomial bloodstream infections oc-
cur at a rate of 1.3 to 14.5 per 1000 hospital admissions
and are believed to lead directly to 62 500 deaths per year
in the United States. Measures of the incidence and the
proportion of all hospital deaths related to deaths from
these infections provide estimates of their impact. The
objectives ol the study were to characterize the secular
trends in nosocomial bloodstream infection at a single
institution and to estimate the population-attributable risk
for death among patients experiencing the infection.

Methods: A\ | 2-year retrospective study using prospec-
tively collected data from a hospital-wide surveillance sys-
tem for nosocomial infections in a 900-bed tertiary care
institution. All patients (N=260 834) admitted to the insti-
tution between 1980 and 1992 were included in the study.
Bloodstream infection rates were calculated for the 10 lead-

simple linear regression. In-hospital mortality rates from
patients who did or did not develop nosocomial blood-
stream infections were compared.

Results: Between 1980 and 1992, a total of 3077 pa-
tients developed 3464 episodes of nosocomial blood-
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stream infection. The crude infection rates increased lin-
early from 6.7 to 18.4 per 1000 discharges (0.83 to 1 72
episodes per 1000 patient-days) during the 12-year study
period (r=.87). Increases in the infection rates were due
to gram-positive cocci (r=.96) and yeasts (r=.95) and es-
sentially explained by infections caused by coagulase-
negauve staphylococci, Staphylococcus aureus, entero-
coccl, and Candida species, respectively. Although the
crude mortality in patients with nosocomial blood-
stream infections decreased from 51% in 1981 to 29%
in 1992 the in-hospital population-attributable mortal-
ity among infected patients increased from 3.55 deaths
per 1000 discharges in 1981 to 6.22 per 1000 dis-
chargesin 1992 (r=.67). The etiologic fraction or the pro-
portion of deaths in patients with bloodstream infection
to all deaths occurring in the hospital increased from
11.4% in 1981 to 20.4% in 1992 (r=.59).

Conclusions: The incidence, the etiologic fraction. and
the population-attributable risk for death among pa-
tients experiencing nosocomial bloodstream infections
increased progressively during the last decade.

(Arch Intern Med. 1995:155:1177-1184)

ACH YEAR, among the 35 mil-
lion patients admitted to US
hospitals, at least 2.5 mil-
lion will develop a nosoco-
mial infection, almost

thermore, according to vital statistics
reports, the age-adjusted death rates
from septicemia have increased expo-
nentially during the past four decades."
Banerjee and colleagues,” at the Centers

From the Division of General
Medicine, Clinical
Epidemiology and Health
Services Rescarch, Department
of Internal Medicine,
University of lowa College of
Medicine, lowa City

250000 of which will be bloodstream in-
fections. The attack rate for nosocomial
bloodstream infections ranges from 1.3 to
14.5 per 1000 hospital admissions,' vary-
ing with the type of population studied.
the size of the institution, the length of hos-
pital stay, and the ward location within an
institution.**

Recently, the National Center for
Health Statistics reported that the per-
centage of discharge diagnoses that
included both community- and
hospital-acquired bacteremias increased
from 74 cases per 10000 patients in
1979 to 176 per 10000 in 1987." Fur-

for Disease Control and Prevention,
Atlanta, Ga, recently reported secular
trends in nosocomial “primary” blood-
stream infections for institutions in the
National Nosocomial Infections Surveil-
lance system during the period from
1980 to 1989. The rates of infection
increased from 1.85 per 1000 discharges
in 1980 to 3.48 per 1000 in 1989 The

See Methods on next page |
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METHODS

HOSPITAL SETTING

The University of lowa Hospitals and Clinics (UIHC), lowa
City, is a 902-bed institution serving lowa and the border
areas of surrounding states. An average of 22 000 patients
was admitted annually during the study period. The UIHC
is a tertiary health care center. During the study period, a
maximum of 220 beds were reserved for critical care. This
number has been reduced over time. The current distribu-
tion is as follows: medical intensive care unit (1CU) (10
beds), coronary 1CU (24 beds), cardiovascular ICU (10
beds), stroke unit (22 beds), adult and pediatric bone mar-
row transplantation unit (12 and eight beds. respec-
tively), burn unit (14 beds), transplantation units (eight
beds), and surgical 1CU (26 beds). Pediatric critical care
wards include the pediatric ICU (eight beds), the neonatal
ICU (10 beds), the intermediate nursery 1CU (27 beds).
and some other units with critical care beds. Currently, a
total of 213 beds are reserved for critical care at UIHC.

SURVEILLANCE METHODS

Continual prospective surveillance for nosocomial infec-
tions began in 1976, and recent studies using standard meth-
ods have estimated the sensitivity and specificity of this hos-
pital-wide reporting of nosocomial infection activities to
be 81 and 97%, respectively."

All patients admitted to UIHC between July 1, 1980,
and June 30, 1992, were included in the study. Only pa-

tients admitted for at least 24 hours in surveyed areas were
considered. Patients with bloodstream infections were iden-
tified through the nosocomial infection surveillance pro-
gram.'* Surveillance data are routinely stored on com-
puter tapes and available for review. Additional chart reviews
were performed for data completion when necessary (n=332,
almost 10%); all charts but one were found.

STUDY OBJECTIVES

The primary objectives of the study were (1) to character-
ize the secular trends in nosocomial bloodstream infection
rates for all pathogens as well as by pathogen group at a
single institution and (2) to estimate the population-
attributable risk for death among patients experiencing noso-
comial bloodstream infection.

Bloodstream infection rates were calculated for the
following pathogen groups: coagulase-negative staphylo-
cocci (CNS), Staphylococcus aureus, streplococci, entero-
cocci, Escherichia coli, Klebsiella species, Enterobacter
species, Pseudomonas aeruginosa, Serratia marcescens,
Candida species, and others. Other analyses also included
larger groups: gram-positive cocci, acrobic gram-negative
bacilli, fungi, and others. Rates were calculated for each
year using as the denominator the total number of
patients discharged (or the total number of patient-days
of care) during the surveillance period.

The primary outcome measure examined was in-
hospital mortality in patients who did or did not develop
nosocomial bloodstream infections. In the event that the
same patient developed more than one episode of blood-
stream infection, only the first episode was considered in

rates of infection were the highest in the largest teach-
ing msututions.

Mortality rates associated with nosocomial blood-
stream infections are higher than those associated with
community-acquired infections.”" ' In the largest com-
munity-based study published so far,’ 51% of the 2978
episodes of bacteremia documented were hospital-
acquired, and the mortality associated with these infec-
tions was twice that associated with community-
acquired infections. The crude mortality associated with
bloodstream infection approximates 35%, ranging from
12% to 80%.”>'"** Secular trends in mortality associ-
ated with nosocomial bloodstream infections have not
yel been reported.

The primary objectives ol this study were to exam-
ine the secular trends in rates of nosocomial blood-
stream infection in a single tertiary care institution and
to quantily the population-attributable risk for death
among patients experiencing the disease.

RESULTS —

SECULAR TRENDS IN BLOODSTREAM
INFECTION RATES

Between 1980 and 1992, a 1otal of 260 834 patients were
admitted to UIHC, averaging almost 22 0004500
(mean=5D) patients a year (median, 20097 patients;

ARCH INTERN MEDAOL 155 |
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range, 16806 to 31 434 patients) and representing a to-
tal of 2 383 118 patient-days of care. During the 12-year
study period, 3464 episodes of nosocomial bloodstream
infections were identified. The latter include both pri-
mary and secondary bloodstream infections. The over-
all bloodstream infection rates increased linearly (r=.87,
P<.001) from 6.7 per 1000 discharges in 1981 to 18.4
per 1000 discharges in 1992, with a peak in 1991 (21.3
per 1000 discharges, Figure 1).

Marked changes in pathogen-specific groups were ob
served during the study period (Figure 2 and Table 1)
Aerobic gram-negative rods were the most common or-
ganisms causing bloodstream infection in 1981 to 1983,
constituting 52% (342/663) of the bloodstream isolates
By 1990 to 1992, the proportion of bloodstream infec-
tions caused by aerobic gram-negative rods fell to 29% (37¢/
1291). By contrast, the proportion of 1solates of gram-
positive cocci progressively increased from 42% to 54%
during the study period, representing a 1 .4-fold increase
Staphylococcl were the leading pathogens involved in 29%
of the infections in 1981 to 1983 and rose to 43% ol the
infections by 1990 to 1992, Coagulase-negative staphy
lococel were the leading pathogens [rom 1984 to 1992; the
proportion of infections caused by CNS isolates in
creased 2.5-fold, from 12% to 30% during the study pe
riod. Staphylococcus aureus was the second most com-
mon pathogen, involved in 12% to 17% of all episodes of
bloodstream infections. Marked increases in the propor
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the analysis of mortality, except when death occurred more
than 28 days after bloodstream infection. In the latter situ-
ation, mortality of the subsequent episode was consid-
ered. We excluded from the analysis of mortality patients
whose blood cultures were obtained after death.

DEFINITIONS

We defined a patient with nosocomial infection as one who
had at least one positive blood culture at least 72 hours al-
ter admission associated with clinical signs of sepsis."” Thus,
cach episode of nosocomial bloodstream infection was as-
sociated with a clinical picture of sepsis according to stan-
dard definitions proposed by the Centers for Disease Con-
trol and Prevention.

Primary bloodstream infection refers 1o a bacteremia (or
fungemia) for which there was no documented distal source:
the infection was either a laboratory-confirmed blood-
stream infection (99.4%) or clinical sepsis (0.6%).""" Pri-
mary bloodstream infections include those resulting from
intravenous or arterial line infections. Secondary blood-
stream infection defines an infection that develops subse-
quent to a documented infection with the same microor-
ganism at another body site Polymicrobial bloodstream
infection refers to infections in which more than one micro-
organism has been recovered from the blood culture within
a 48-hour period.'*"

The crude mortality defines the ratio of the number
of patients who died with nosocomial bloodstream inlec-
tion to the total number of patients with the infection.

The etiologic fraction is the proportion of all deaths
in the target population attributable to the exposure of in-

terest, in this case, bloodstream infection ™ T
allows one to place the relative risk in a publi
spective.'” In this study, the etiologic fraction w
lated as the ratio of the deaths occurring within
after an episode of bloodstream infection to the tota
ber of in-hospital deaths; 28- or 30-day mortality
commonly recommended outcome for assessing m
ity rates [rom bloodstream infection or for eval
impact of new compounds for the treatment of sep-
sis.' 12021 The population-attributable risk for death, also known
as the population-attributable mortality, refers to the risk
(or mortality. respectively) ratio of the number of deaths
in the target population (bloodstream infection) to the num-
ber of patients admitted "

STATISTICAL ANALYSIS

The sum of all nosocomial bloodstream infections (epi-
sodes) or of all bloodstream isolates documented in each
fiscal year (from July 1 to June 30) have been considered
in statistical analyses. Rates per 1000 discharges or per
10 000 patient-days were calculated. Linear trends were ana-
lyzed using the simple linear regression analysis (least-
squares method). with year considered as an independent
variable and numbers of bloodstream infection episodes or
isolates, respectively. as dependent variables.

Odds ratios and 95% confidence interval (CI) for death
were assessed with x* tests. Adjusted odds ratios were as-
sessed with use of the Mantel-Haenszel procedure. All sta-
tistical analyses were performed using EPISTAT and
SYSTAT software (version 5.2, Systat Inc, Evanston, 111). All
tests were two-tailed. and P<¢.05 was considered significant.
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tion of bloodstream infections caused by enterococci (from
1 1% to 5.3%) and Candida species (from 2.5% to 7.1%)
hetween 1981 to 1983 and 1990 to 1992 were observed.
[hese represented 4.8- and 2 8-fold increases, respec-
tively, during the study period. The proportion of the in-
fections involving streptococci or other gram-positive or-
ganisms did not change during the study period.
Noteworthy, most of the increase in the overall blood-
stream infection rate was due to increases in the four patho-
gen groups (Table 2): CNS (P<.001), S aureus (P=.009).
enterococci (P<.001), and Candida species (P=.001).
Although the proportion of infections due to aero-
bic gram-negative rods decreased significantly (P<<.05)
from 52% in 1981 to 1983 to 29% in 1990 to 1992, the
annual number of bloodstream infection episodes re-
mained stable (131 +25 [mean*SD| episodes per year);
the rates of infections averaged 6.74% 1.6 (mean5D) epi-
sodes per 10000 patient-days (range, 4.4 to 9.1 epi-
sodes). The proportion of polymicrobial bloodstream in-
fections increased during the study period; in addition, the
rates of infection increased from 8.3 to 19.8 episodes of
polymicrobial bloodstream infection per 10000 patient-
days in 1981 and 1992, respectively (P<<.001, Figure 2).

CHANGES DURING THE STUDY PERIOD

['he following changes that occurred during the study pe-
riod were examined: average length of stay, surveillance

activities, definitions of nosocomial infection, and mi-
crobiologic laboratory techniques. Between 1980 and
1992, the average length of stay remained stable: the length
of stay averaged 8.17%0.21 (mean*SD) days (median,
7 days; range, 7.87 to 8.48 days). Neither surveillance
activities nor definitions of nosocomial bloodstream in-
fection changed during the study period. Between Janu-
ary 1, 1980, and October 1, 1987, the BACTEC 460
(BACTEC System, Johston Laboratories Inc, Towson, Md)
radiometric system was used and a 5-mL blood culture
inoculum was standard. After October 1, 1987, the
BACTEC 660 (BACTEC System) nonradiometric sys-
tem was used. After April 1, 1988, the standard blood cul-
ture inoculum doubled from 5 to 10 mL. It is estimated
that an enhanced recovery of 33% occurred with the newer
system utilizing a 10-mL inoculum plus a nonradiomet-
ric system.*

PRIMARY AND SECONDARY
BLOODSTREAM INFECTIONS

During the 12 years of the study period. 2034 (59%) ol
the 3464 episodes of infection were primary blood-
stream infections. The proportion of primary blood-
stream infections increased progressively from 51% in
1981 to 71% in 1992, ranging from 43% to 71% during
the study period. Among those infections, at least 20%
were associated with intravascular device infections, par-
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Figure 1. Secular trends in nosocomial bloodstream infection rates. Rates
of nosocomial bloodstream infections at the University of lowa Hospilals
and Clinics. lowa City, between 1981 and 1992 demonstiate a linear
increase (r=.87, P<.001)

ticularly intravenous catheters. Intravenous lines may well
be responsible for a larger proportion of primary blood-
stream infections, but appropriate catheter tip cultures
were not performed or the patient failed to meet the clini-
cal criteria for intravascular-associated infections as de-
fined by the Centers for Disease Control and Preven-
ton."”

A total of 1430 bloodstream infection episodes were
secondary 1o a previously documented nosocomial infec-
tion (1430/3464 [41%)]). The leading sources ol infection
were lower respiratory tract infections (29%). surgical
wound infections (25%), and urinary tract infections (20%)

CRUDE AND POPULATION-ATTRIBUTABLE
MORTALITY

Among 3077 patients with bloodstream infections, 1150
died: the crude mortality associated with the infections
averaged 39% during the study period. Importantly, the
crude mortality in patients with nosocomial blood-
stream infections (Figure 3, top) decreased signili-
cantly from 51% in 1981 to 32% in 1992 (P<.01). In
marked contrast, the in-hospital mortahity among pa-
tients who did not acquire bloodstream infections was
markedly lower, averaging 2.9% (range. 1.8% to 3.7%).
but did not vary significantly during the study period
(P=.98).

Although the crude mortality in patients with blood-
stream infection decreased during the study period, the
in-hospital mortality among patients experiencing blood-
stream infections—the population-attributable mortal-
ity—increased linearly from 3.56 per 1000 discharged in
1981 10 5.15 per 1000 discharged in 1992 (r=.64, P=.024,
Figure 3. bottom). In contrast, no significant change was
observed in the population-attributable mortahty from
patients who did not experience bloodstream infections
(r=.001, P=.99)

Patients with nosocomial bloodstream inlecuons
showed a risk ratio for death eightfold 10 24-lold higher
than those who did not develop the infection. Overall,
exposure to bloodstream infection was associated with
estimated odds ratios for death of 20 45 (95% CI, 189
to 22.1; Mantel-Haenszel, P<<.0001)
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Figure 2. Secular trends in rates of selected bloodstream isolates. Rates of
four pathogen groups demonstrated statistically significant increases

during 1981 to 1992: coagulase-negative staphylococci (CNS. P<.001),
Staphylococcus aureus (P=.009). enterococci (P<.001). and Candida
species (P=.001). Rates of polymicrobial bloodstream infections aiso
increased linearly during the study period (P<.001)

ETIOLOGIC FRACTION

The etiologic fraction is the proportion of all deaths in
the hospital population attributable to bloodstream
infection. In this study, it was calculated as the ratio of
the death occurring within 28 days after an episode of
nosocomial bloodstream infection to the total number
of in-hospital deaths. The etiologic fraction averaged
12.9% during the study period (range. 7.2% to 20.4%).
The etiologic fraction increased (r=.59) from 11.4% in
1081 to 20.4% in 1992 (P=.046). These figures are
crude because not all deaths among patients with
bloodstream infection are directly attributable to the
bloodstream infection. Instead, approximately 70% ol
deaths among patients with nosocomial bloodstream
infection are attributable to the infection.”” Thus. an
estimate of the adjusted 1992 etiologic fraction might
be 14% (70% of 20%).

I'he trends in pathogen-specific rates of nosocomial blood-
stream infections at our institution parallel those ob-
served in large teaching National Nosocomial Infec-
tions Surveillance hospitals from 1980 to 1989, The
increase in rates (almost threefold during the study pe
riod) occurred linearly during a time when neither ow
definitions of infection nor our surveillance acuvities
changed. Important microbiologic laboratory changes oc-
curred after 1987, They would be expected to increase

rates no more than 33% only alter theyv were insti-
tuted. These data suggest that the increases in rates oc-
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Table 1. Nosocomial Bloodstream Isolates at the University of lowa Hospitals and Clinics, lowa City, 1981 to 1992

No. (%)
Isolates 1081-183 1984-1986 1087-1089
Gram-positive cocci 276 (42) 448 (44) 586 (55)

Coagulase-negative staphylococci 79 (12) 175 (17) 254 (24)

Staphylococeus aureus 115 (17) 120 (12) 150 (14)

Streptococci 39 (5.9) 69 (17) 68 (6.4)

Enterococci 7(1.1) 37 (3.6) 61(5.7)

| Others 36 (5.4) 47 (4.6) 53 (5.0) 3
| Aerobic gram-negative rods 342 (52) 458 (45) 370 (35) R P
| Escherichia coli 89 (13) 106 (10) 93 (8.7) 84(65)

Klebsiella species 64 (9.6) 77 (7.5) 66 (6.2) 76(59)

Pseudomonas aeruginosa 77 (12) 114 (11) 55 (6.2) 62 (4.8)

Enterobacter species 43 (6.5) 60 (5.9) 55 (5.1) 59 (4.6)

Serratia marcescens 19 (2.8) 19(1.9) 27 (2.5) 23(1.8)

Others 50 (7.5) 82 (8.1) 74 (6.9) 72 (5.6)
Miscellaneous*® 28 (4.2) 44 (4.3) 36 (3.4) 123 (9.6)
Candida species 17 (2.5) 68 (6.7) 74 (6.9) 92(7.1)

All Pathogens 663 (100) 1018 (100) 1066 (100) 1291 (100)
No. of episodes 593 861 903 1107
Polymicrobial infections 63 (11) 124 (14) 137 (15) 154 (14)

« “Miscellaneous™ includes gram-paositive rods. gram-
cultures (0.4% of total)

curred very likely as a result of an increasingly high-risk
hospital population.

Most of the increase in the rates of bloodstream in-
fections occurred in four groups of pathogens: CNS, 5 au-
reus, enterococci, and Candida species. A similar obser-
vation was made [or primary bloodstream infections at
National Nosocomial Infections Surveillance hospitals.
These data also confirm and extend the observations for
the trends previously observed in Virginia, where CN5S and
Candida species were the two pathogens that demon-
strated statistically significant increases in bloodstream in-
fection rates during the period from 1978 to 1984

Coagulase-negative staphylococci currently
account for one fourth of nosocomial bloodstream
infections,” ®** and several reports have documented
their increasing importance as bloodstream patho-
gens.***** Three major reasons may be advanced to
account for such an increase. Surveillance artefact
combining both the greater recognition and reporting
of CNS, as well as an increased frequency in perform-
ing blood cultures, has been suggested.”” ** Although
no important change has been noted in our surveil-
lance technique, some reporting bias—placement ol
increased clinical importance of CNS over time—may
have contributed to the increase in the observed rates
Recent studies have shown that only a single blood
culture positive for CNS is frequently associated with
clinically relevant episodes of bloodstream infection.™ "
The widespread use of broad-spectrum antibiotics that
parallels the increase in the proportion of CNS resis-
tant to methicillin or its derivatives may be partly
responsible for the selection of CNS as bloodstream
pathogens. However, a major factor responsible lor
such an increase certainly is the use of multiple inva-
sive devices, particularly in critically ill patients
A worldwide increase in the current number ol
CNS bloodstream infections has been detected in

negative coccl. yeasts other than Candida species, and clinical sepsis in the absence of positive blood

neonatal 1CUs.***® Such an increase paralleled the
increase in intensive care use for very-low-birth-
weight infants.**’"*

Several recent reports have documented the con-
tinuous importance of S aureus as a nosocomial blood-
stream pathogen.”**"* Among other gram-positive bac-
teria, the enterococci accounted for the largest increase
in rates of bloodstream infection at our institution dur-
ing the study period. Similar trends have been reported
earlier at different institutions as well as nation-
wide.72* ¥4 Enterococcal colonization facilitated by the
use of broad-spectrum B-lactam antimicrobial agents for
either therapy or surgical prophylaxis certainly consti-
tutes a major cause for the rising importance of entero-
coccei as bloodstream pathogens.* **

Rates of candidemia increased 12-fold during the
study period; the most common fungal pathogen iso-
lated was C albicans, which accounted for 56% of the to-
tal number of Candida strains isolated. These data con-
firm and extend previous observations in patients with
cancer*’* as well as in patients nationwide.'* " Pro-
longed treatment with multiple antimicrobial agents fa-
cilitating Candida species colonization, the use of mul-
tiple indwelling devices, and prolonged neutropenia in
patients with cancer have been demonstrated to be in-
dependent risk factors for the acquisition of nosocomial
candidemia and certainly accounted for the dramatic in-
creases observed in our study.” ™

The reason for the observed increase in the propor-
tion of polymicrobial infection remains unclear. Poly-
microbial bacteremia is a serious problem in patients with
malignant neoplasms*’ ' and has been reported at higher
rates in the geriatric population’”" as well as in infants
in the neonatal ICUs.”* The high proportions of elderly
patients and patients with cancer admitted at UIHC may
have contributed to the observed increase in polymicro
bial bloodstream infection. The changes described in the
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Table 2. Secular Trends in Nosocomial Bloodstream

Isolates by Pathogen-Specific Groups at the University

of lowa Hospitals and Clinics, lowa City, 1981 to 1992*

#

F Ratio P R?

Significant trends
All pathogens 15.6 .003 0.61
Gram-positive cocci 30.2 <.001 0.75
Yeasts 213 .001 0.68
Coagulase-negative staphylococci 69.2 <.001 0.82
Enterococci 69.8 < 001 0.88
Staphylococcus aureus 104 .009 0.51
Candida species 215 .001 0.68
Polymicrobial infections 25.6 <.001 0.72

No significant trends
Gram-negative rods 0.01 .92 0.01
Escherichia coli 0.28 .61 0.03
Klebsiella species 0.93 .36 0.08
Enterobacter Species 0.71 42 0.07
Serratia marcescens 0.08 78 0.01
Pseudomonas aeruginosa 1.05 18 0.09
Streptococci 0.02 .88 0.01

*Data were tested for significance using simple linear regression
analysis (least-squares method), with year considered as an independent
variable and numbers of respective isolates as dependent variables. Rates
of bloodstream infection were calculated as the number of bloodstream
isolates per 10000 patient-days. Most of the increase in the overall
bloodstream infection rate was due to increases in the four pathogen
groups: coagulase-negative staphylococci (P< 001, S aureus (P=.009),
enteracocci (P< .001), and Candida species (P=.001). No significant trend
in the rates of infection due to aerobic gram-negative rods showed a
statistically significant trend in the rates of infection during the study
period.

blood culture technique may have contributed in a mi-
nor way to our findings. Polymicrobial infections are as-
sociated with higher mortality rates than are monomi-
crobial infections.'' **°® even after controlling for
confounding variables.”

Rates of bloodstream infection reported in our study
are among the highest reported thus far.’ We attribute
such high rates as well as increases observed in the over-
all incidence of bloodstream infection to several lactors:
accurate surveillance that has been validated." a high pro-
portion of critical care beds. possibly the advanced age
(mean, 59 years) of our infected patients. and possibly
an increased severity of illness associated with the need
to justify admission to the hospital in the current era o
scrutiny by third-party payers. In contrast to the Na-
tional Nosocomial Infections Surveillance program that
reports only primary infections. we report both second-
ary and primary bloodstream infections

Elderly patients experience an increased daily rate
of nosocomial infection compared with vounger pa-
tients.”® In a recently reported study . rates ol both hos-
pital- and community-acquired bloodstream inlection
were three times higher in patients older than 65 vears,
reaching 23.5 episodes per 1000 admissions in 1987, Im
portantly. 55% of the patients with bacteremia were
the Medicare age group (=65 years). We reported age
to be an independent predictor lor acquiring a nosoco-
mial bloodstream infection 1n a population-based study
that included all patients admitted between 1987 and 1990
at UIHC.™

Crude Mortality, %

Population-Attributable Mortality,
Deaths per 1000 Discharges

a4 1= . =+ K
il "
ﬁg u
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Figure 3. Crude (top) and population-attribulable (bottom) mortality from
nosocomial bloodstream infection. In-hospital mortality (crude mortality) in
patients with nosocomial bloodstream infections refers to the ratio of the
number of patients who died with nosocomial infection to the total number
of patients with the infection. The population-attributable mortality refers to
the ratio of the number of deaths in patients with bloodstream infections
to the total number of patients admitted

The endemic rates of nosocomial infections vary
markedly among areas of the same hospital. It has been
reported that bloodstream infection is 7.4 times more
likely to occur in patients in the ICU as in those on the
wards.™ Bloodstream infection accounts for the higher
proportion of all nosocomial infections in 1CUs. ' Data
from a statewide surveillance system in Virginia indi-
cated rates of nosocomial bloodstream infection that
ranged from five to 15 per 1000 admissions in ICUs other
than burn units. At UIHC between 1987 and 1990, more
than 50% of the bloodstream infection episodes oc-
curred in five critical care units, which housed 24% ol
the patients admitted during this period: the rates of in-
fection were three times higher in patients admitted in
critical care units vs all other locations within the hos-
pital.”” The attributable mortahty rate from nosocomial
bloodstream infection was recently estimated to be 35%
(95% Cl, 25% to 45%) in a cohort of crincally ill surgi-
cal patients admitted to UIHC between 1988 and 19907

According to a recent national vital stausucs re
port.** septicemia was responsible for almost 1% ol all
deaths occurring in the United States in 1989, Analysis
of the changes in age-adjusted death rates for the 15 lead
ing causes of death from 1979 10 1989 demonstrated a
78% increase; these changes constituted the highest in
crease reported among all causes of death during the de-
cade. Age-adjusted death rates from septicemia demon
strated an exponential increase from 0.3 per 100 000
population i 1950 to 7.9 deaths per 100000 popula

Lion in 1993 [ his analvsis included community- and
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hospital-acquired bacteremias; the latter are associated
with higher mortality rates.'!" 2 Because cases of noso-
_omial bloodstream inlection account for a large portion—
perhaps 60% or more—of cases of septicemia, it is not
surprising that an increase in septicemia rates would be
paralleled by an increase in bloodstream infection rates
<uch as we observed. To our knowledge, our study is the
largest series of nosocomial bloodstream infections and
the [irst to analyze secular trends in mortality rates as-
sociated with infection.

Although the crude mortality in patients with blood-
ream infection decreased during the study period. the
‘n-hospital mortality among patients with the infection
increased linearly. In-patients with nosocomial blood-
stream infection were at significantly greater risk of death
than were those without this infection. The adjusted risk
of death revealed that patients who developed a blood-
stream infection carried a risk of dying that was 20-fold
greater than that of those who did not develop the in-
fection (odds ratio, 20.45; 95% CI, 18.9 to 22.1). These
Jata extend recent information derived from national sta-
ustics’ showing a decrease from 31% to 25% in the over-

10.

1

12

13
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